The article describes a possible impact of demographic explosion during the Neolith on local ecosystems and on the global climate as well as the role of this explosion in aggravating the course of 4.2 ka cooling event. A possible role of human activity in changing the pattern of mid-latitudes westerlies, monsoons and Walker circulation throughout the Holocene is analyzed. It is explained why during the Holocene Climatic Optimum (HCO) monsoons could have been weaker than today, not stronger, as it is commonly stated. It is described how during the HCO the humid Tibetan Plateau could have repelled the Indian monsoon to the west and the East Asian monsoon to the north. The explanation for weaker El Niño-Southern Oscillation (ENSO) during HCO is proposed.
Introduction
The growing evidence of global warming which is observed in recent decades probably caused by an increase in greenhouse gas concentrations in the atmosphere, particularly carbon dioxide and chlorofluorocarbons, prompts scientists to research climate changes which occur during the Holocene, i.e. after the end of the last ice age. It is believed that understanding the mechanisms of climate changes which occur in this period allows to predict future climate changes because the shape of lands and seas throughout the Holocene is similar.
An analysis of the composition of marine and lacustrine sediments, stalactites, stalagmites, deep layers of the glaciers as well as coral reefs and dendrology data, allows with an accuracy of up to one century to calculate the amount of precipitation (P), evaporation (E), the P/E ratio, sea surface temperature (SST) as well as to determine the type of vegetation and prevailing wind direction. This information is also supplemented with archaeological data: based on cave paintings made by the Neolithic people, conjectures can be made about the type of fauna [1] - [3] and from the excavations one can make an intelligent guess about the size and degree of organization of human settlements. The so-called Neolithic Revolution, the biggest success of which was the domestication of animals and the development of agriculture has led to a demographic explosion, emergence of specialized occupations, the first societies, cities and states. An abrupt end of this "golden period" of the Neolith around 4200 years ago was concomitant with lasting almost two centuries period of drought and cold (4.2 ka event) [4] - [7] . Evidence for rapid cooling and desertification is found especially along the Tropic of Cancer. It was accompanied by the collapse of many Neolithic civilizations: oases in the Sahara, the Old Kingdom in Egypt, the Akkadian Empire in Mesopotamia, the Indus Valley Civilization and a number of civilizations in northern China and Inner Mongolia. During the 4.2 ka event, cooling and desertification concentrated predominantly around the Tropic of Cancer and were more intense then than during other similar periods occurring approximately every 1500 years, called Bond cycles, whose existence is usually explained by changes of solar activity [8] or oceanic circulation [9] . Unlike an earlier great global climate cooling, called the Late Glacial or Younger Dryas, which took place about 12,800 -11,700 years ago (probably caused by the overflow of fresh water from melted North American glaciers through the St. Lawrence River [10] and freshwater Baltic Ice Lake [11] to the North Atlantic which hampered the thermohaline circulation of the Gulf Stream), the 4.2 ka event was not accompanied with a reduced precipitation in the northern mid-latitudes [12] . The 4.2 ka desertification and cooling predominantly affected places which on all continents of the northern hemisphere were the cradles of civilization. For this reason, the question arises whether there may be a relationship between the demographic explosion in the Neolith and remarkably abrupt climate change and whether the human activity could have influenced the intensity of Bond event 3. If so, it could be regarded as the first anthropogenic global ecological disaster.
The Holocene Climatic Optimum (HCO)
During the last million years, at pace of 40,000 -100,000 years, glaciations occurred on Earth. The reason of timing of ice ages is still not clear but they correlate well with precession of the Earth's orbit. After the end of the last ice age a period of warming called Bølling/Allerød took place, which lasted about 2000 years, and was followed by a cool period known as Younger Dryas. Further global warming resulted in melting of the remnants of the Scandinavian and Laurentide Ice Sheets. Within the cycle of the precession of the Earth's axis, lasting about 26,000 years, called Platonic year, it coincided with the greatest inclination of the Earth's axis to the Sun, which took place 8700 years ago [13] . In the post glacial era the global temperature has never been higher than at that time [14] . It was called the Atlantic period of the Holocene [15] [16] . The sea level raised, causing, among others, separation of Britain from the European continent and the emergence of the Persian Gulf, which was then larger than today, extending to present lower reaches of the Tigris and Euphrates, which only in later millennia became covered with sediments brought in by these rivers. High temperature was accompanied by heavier than today rainfall in areas north of the Tropic of Cancer, which contributed to the development of vegetation. At these latitudes and at this warmest period the first human civilizations developed on all continents of the northern hemisphere.
Because the perihelion fell on the summer time in the northern hemisphere, unlike today, therefore the northern hemisphere was slightly warmer than the southern one, resulting in temperature in the north of Scandinavia and Siberia even 2 -6 degrees Celsius higher than at the beginning of the 21 st century [17] - [20] . Because of greater inclination of the Earth's axis to the Sun, the Intertropical Convergence Zone (ITCZ) was displaced in the summer more toward the pole of the summer hemisphere. The African monsoon, blowing off the Gulf of Guinea, reached further north, resulting in elevated groundwater level in the Lake Chad basin, whose surface during the maximum range was comparable to today's Germany, and drained into the Atlantic [21] . Additionally, equatorial easterly winds blowing over Africa, related to the Walker circulation, were also stronger as evidenced by the high water levels of great lakes in East Africa, with maximum from 15.3 to 11.5 thousand years ago [22] . This eastern circulation of humid air, called also the East African monsoon [23] , provided additional rainfall in the Sahel.
Both African monsoons: from the Gulf of Guinea and the East African monsoon were responsible for the high groundwater level in the Lake Chad basin and were delivering moisture into the Sahel and the southern part of the Sahara filling the great aquifers which remain in the Sahara until today. It was the "green Sahara" period. Although in the literature it is mentioned that the cause of the increased precipitation in the northern part of the Sahara is unknown [22] , the hypothesis can be put forward that the precipi- Globally, these westerlies might have been stronger despite their weakening by weaker trade winds. In addition, smaller insolation in winter in the northern hemisphere resulted in a greater temperature gradient between the warmer Atlantic and cooler Eurasian continent which could have caused MLW to carry heavier rain and snow. Nowadays, the winter MLW are responsible for most of the annual precipitation in the entire belt stretching from the Mediterranean Sea to the Pamir mountains. During the HCO, precipitation was enough generous to ensure the spread of oak and pistacia forests from the Mediterranean Sea to the Himalayas [24] - [30] . Higher precipitation in Pamir, through Syr Darya and Amu Darya rivers, provided more water in the Aral Sea basin which was larger and connected with the Caspian Sea with the Uzboyriver, a distributory of Amu Darya. High water level in the great lakes of equatorial East Africa suggests that Walker circulation which moves moist air over the Pacific and Atlantic Ocean from east to west along the equator and which nowadays loses its continuity over the western Indian Ocean during the summer and moves most of air in the opposite direction, toward the Deccan, had at that time more uniform course from east to west around the equator. The fact that this so-called East African monsoon between 8 ka to 10 ka ago did not cover Lake Malawi (which level was about 100 meters lower than today [31] ) while at the same time the water level in Lake Turkana was the highest so that it allowed this lake to constitute one of sources of the Nile [32] proves that the East African monsoon was also directed more to the north than today. This stronger equatorial wind could have been responsible for stronger rainfall in the Nile basin (including Lake Turkana) and in the Lake Chad basin which both outflowed into the Atlantic. Together with larger than today discharge of the Congo river, this could have resulted in a negative balance of water in the Indian Ocean and consequently in stronger currents in the straits of Indonesia, where water from the Pacific to the Indian Ocean is transported. This could have reduced overheating of the western Pacific Ocean and prevented the creation of the ENSO phenomenon. Heavy precipitation at mid-latitudes, which in winter reached Pamir mountains and the western part of Tibet as well as basins to the north of Tibet (Tarim, Qaidam and Dzungarian basins), resulted in a higher groundwater level, a higher level of lakes and higher cloudiness in the Asia's interior. For this reason, the summer low-pressure area in Asia could have been weaker and thus less affecting the western part of the Indian Ocean where the humid air to a greater extent than at present moved to the west, over Africa and the Arabian Peninsula [33] . The assumption that monsoons in the HCO were weaker than today stays in conflict with the common theory that during HCO monsoons were stronger than today. Proponents of the theory of stronger monsoon in the HCO point out that the amount of sediment on the bottom of the Bay of Bengal was larger at that time [34] . However, an increased amount of sediment could have been caused by a more western direction of the India monsoon, therefore more water was flowing through the Ganges and less through Brahmaputra. Since the soft lowland surface on which the Ganges flows is more prone to donating sediment than the rocky mountains through which Brahmaputra goes, therefore the amount of sediment carried by these two rivers together could have been larger, despite weaker monsoon.
The Beginning of the Neolithic Revolution
The Neolithic Revolution is defined as a period in the history of mankind which brought the domestication of animals and crops, especially cereals. It began independently in several locations. Sorghum was cultivated in western Africa. In the Middle East: wheat, barley, peas, lentils, flax and figs were domesticated. In India: cotton, sesame and dates. In northern China millet and soybean, and in southern China: rice and hemp. Simultaneously several animal species were domesticated (pigs, cows, buffalo, goats, donkeys, camels, horses, etc.). Since then, the fate of humanity depends on the effectiveness in the struggle to expand and maintain areas suitable for growing crops and breeding animals. Skills to act collectively, learned by hunters-gatherers, which allowed people to spread throughout the globe, guaranteed success in agriculture and animal breeding as well. Abundance of food allowed a demographic explosion, which led to the creation of specializations and eventually to the formation of cities and states. Another achievement of civilization was the invention of writing, which, like the domestication of cereals and animals, proceeded independently in Egypt, the Middle East and China.
Reading these records provides an information about life and events in the Neolith. The earliest cradle of civilization is considered to be the so-called "Fertile Crescent" which extends from the Zagros Mountains in western Iran, through Mesopotamia, Syria and Palestine to Egypt. This civilization was based on the cultivation of cereals showing long-day photoperiodic responses (barley, wheat, oats and rye) [35] . These cereals do not require summer rain, and their cultivation can base on the moisture stored in winter (dryland farming). Distribution of the first large cities of the Neolith in northern Iraq and eastern Syria proves that during the Neolithic Revolution the annual precipitation in this region was higher than today. In turn, the type of domesticated plants argues for the fact that precipitation occurred predominantly in winter when the prevailing winds blew from the west and high yields could initially be achieved only at the beginning of summer unless summer rains also occurred. Thanks to the further development of civilization and the construction of irrigation canals, harvesting twice a year could have become the rule but the evidence for the developed network of irrigation canals dates back to the Bronze Age which came later.
The Collapse of Neolithic Civilizations and Its

Relationship with 4.2 ka Climatic Event
Research of fossil pollen shows that after the withdrawal of the last ice age, before the advent of the Neolithic Revolution, oaks, cedars and pistacia were common in the area [24] [25] [27] - [30] [36] . Today, only small pieces of natural pistacia forests can be found there [37] . The presence of trees and shrubs in the vicinity of the first cultivated fields protected the latter from drying and increased chance of rain in the summer because their lower albedo was causing convection of air masses which contributed to convective rains. Weiss et al. hypothesized that a decrease in precipitation was a cause of the collapse of the first Neolithic civilization in northern Mesopotamia and eastern Syria and of shifting the center of civilization to the south where communities in the lower reaches of the Tigris and Euphrates learned how to build irrigation canals and exploit snowmelt water flowing from mountains [6] . In the early Neolith, in the absence of irrigation canals, basing agriculture on the spring overflows of the Tigris and Euphrates would not allow for the development of large Neolithic cities which were located far from the major rivers. It is very likely that at the beginning of the Neolithic Revolution agriculture in the Middle East was based to some extent also on the summer rainfall. The evidence for this comes especially from the area of today's Pakistan [36] and the Nile delta [38] . These rains could come from the convection of moist air originating from the steaming soil, as well as MLW. Additionally, due to greater inclination of the axis of Earth to the Sun, summer monsoon reached further north and therefore eddies guided the summer monsoon rain over Syria and Mesopotamia more frequently than currently.
The disaster which occurred 4200 years ago, caused by over a century of cooling and drought, was characterized not only by the decline in the discharge of the Nile but also by the reduction of ratio of rainfall in the White Nile basin to the rainfall in the Blue
Nile basin [39] . This reflects weakening of the East African monsoon. This weakening Evidence of the influence of 4.2 ka event on Neolithic civilizations' collapse was also found in China. Remnants of the earliest civilizations in China are located mainly in northern highlands, on the tributaries of the Huang-he, on the Loess Plateau and in today's Inner Mongolia. The Yangshao, Qijia, Laohushan and Longshan cultures existed in areas that today suffer from water shortages. This proves that the East Asian monsoon once reached about one thousand kilometers further north than today [40] - [45] . Both the civilizations in northern China and Inner Mongolia based on the cultivation of millet as well as the civilizations of the Yangtze River which cultivated rice could develop thanks to regular and abundant summer rain which favored the cultivation of these cereals (short-day plants). Probably heavy summer monsoon rains limited the possibility to build human habitations on the North China Plain. Only the ability to build canals enabled humans to exploit agriculturally Huang-he plains which previously had been often flooded marshes. Legends written in the Bamboo Annals and the scientific research show that the first system of irrigation canals, which aimed to distribute the summer floods' water, was built about 4100 years ago, after inhabitants have moved from highlands eastward into alluvial territories on the Yellow River [46] . This happened when drought forced the people to leave their highland headquarters. Both northern highland civilizations based on the cultivation of millet and southern civilization based on cultivation of rice collapsed at about the same time that is about 4000 years ago. It is believed that the cause of the fall of northern civilization were alternating droughts and floods [47] as well as cooling of the climate while the cause of the collapse of southern civilization were violent floods [48] . This reflects the decrease in the coverage area of the East Asian monsoon in northern China and shifting its main vector to the south, to the basin of the Yangtze River.
The Possible Impact of the Neolithic Revolution on Climate Change
It is interesting that a dry and cold period in northern China started almost two centuries before the onset of the similar period in the Middle East. This suggests that the solar activity was not the only cause of the development of this event. Therefore, a question arises whether the Neolithic Revolution, which brought the development of agriculture, animal husbandry and demographic explosion, posing a threat to the naturally occurring ecosystems, might have contributed to the global climate change. Conversion of naturally occurring forests and savannas to fields and pastures could have resulted in a progressive desertification, increasing albedo, changing the direction of airflow from ascending to descending, the disappearance of summer rainfall and the increasing dependence of agriculture on the spring snowmelt in mountains. Archaeological research indicates that the first large cities of Mesopotamia were abandoned almost simultaneously about 4200 years ago, at a time that coincided with a period of extensive desertification of areas to the east of the Mediterranean Sea. Features of this desertification were found in studies of stalactites and stalagmites in caves [4] [49] [50] and marine sediments [5] [51]- [54] . The rapid desertification of the Middle East which took place about 4200 years ago coincided with the rapid global cooling of the climate [6] [7] [55] and was probably related to Bond cycle. However, the cooling related to Bond event 3 proceeded more rapidly than usual. Probably the need to feed a large human population during the long-term drought and cold forced people to more intense clearing of forests and trees on the savannah, both for fuel and construction, as well as to increase the area suitable for sowing and pastures. Due to drought lasting about 150 years, these forests and trees on the savannah had no possibility of rebirth. Because their cutting down caused an increased albedo and more negative energy balance across several million square kilometers-from the Atlantic to the Pacific along the Tropic of Cancer-therefore it could have exacerbated climate cooling not only at these latitudes but also globally. The disappearance of the savannah from the today's Sahara and the Arabian Peninsula as well as cedar-oak-pistacia forests from the Near East, together with the expansion of the Gobi and Ordos Desert in China, increased the albedo of these areas by about 10 percentile points (forest albedo: 5 -15, farmland albedo: 15 -25, savannah albedo: 15 -20, desert albedo: 25 -30). However, an exact calculation of the impact of changes in earth's surface albedo on global climate is impossible because the planet's albedo also depends on the amount and type of clouds and data on this topic are lacking. The question arises whether at the end of the Holocene mankind could have contributed to global climate cooling and desertification since centers of civilization were spaced apart by several thousand kilometers and population density was relatively low. It is estimated that during the Neolith the world population has grown from about 50,000 to about 10 million, i.e. 200-fold [56] but was it enough to cause global climate changes? It should be noted that this rapid population growth was concentrated in a belt located north of the Tropic of Cancer where the population could have increased even more, e.g. 1000-fold or more. This growth is demonstrated by the size of urban populations which often exceeded 50,000 [57] . The reason why mankind could have influenced global cooling was localization of Neolithic civilizations in areas prone to desertification. It should be reiterated that the Neolithic Revolution involved not only a relatively small valleys around rivers, where the cultivation of cereals progressed, but also the vast steppe and savanna where the animal husbandry was expanding. Both of these fields of human expansion caused the increase in albedo of inhabited areas which was exaggerated in periods of drought. Location of all Neolithic civilizations on a similar latitude could have caused a withdrawal of MLW to the north as well as changing the pattern of monsoons in the mechanism described later in this article.
Global Climate Changes after the 4.2 ka Event
After Bond event 3 stopped, climate only partially returned to the previous state. After about 150 years of drought and cooling, rains and warmer climate returned which suggests that deforestation was not the only factor cooling the climate. However, research on the Dead Sea and lakes in Iran reveals that the amount of precipitation has never returned to the levels before 4.2 ka [58] [59] . Permanent changes have taken place in Africa in the form of a reduction in the Lake Chad area and remarkable reduction in rainfall in the basins of Turkana, Victoria and Alberta lakes [22] . In India monsoon has moved to the southeast, causing desertification of the northern part of the subcontinent and Baluchistan. In China the monsoon has decreased in the north and increased in the south. This demonstrates the permanent change in global air circulation, a possible reason for which was enhancing of low-pressure area over the interior of Asia in summer caused by progressive desertification, in the mechanism described above.
Over the next millennia, this shift of direction of monsoons proceeded further: the Yellow Nile which once confluenced the mainstream Nile close to the Great Bend in Sudan [60] dried up completely about 1000 years BCE. East Asian monsoon was further retreating to the south, causing droughts in the north [61] - [63] and an excess of water in the south of China [64] . In the Middle East the precipitation carried by western circulation, which only 3 thousand years ago supplied with water the Persian Empire that was home to about 40% of what was then the world's population [65] , gradually re- 
The Role of Tibetan Plateau in Directing the Course of the Monsoons
As indicated earlier, in the era of HCO the moist MLW were stronger and reached farther east than today. Throughout the Holocene annual precipitation in Pamir mountains derives from this circulation [68] . The impact of this circulation on precipitation in the western part of the Himalayas and western part of Tibet is also significant [69] . The climate of the Tibetan Plateau during HCO was more humid than it is now [40] [70]- [73] due to 1) an increased precipitation carried by the western circulation, 2) direction of the Indian monsoon to western rather than eastern part of the Himalayas and 3) higher humidity of areas to the north of the Tibet. The latter contributed to precipitation carried by northern winds blown by the Siberian High in winter. They guaranteed heavier snowfall and longer duration of snow cover and subsequently greater cloudiness over Tibet. Higher humidity in Tibet resulted in higher atmospheric pressure over this plateau. During HCO, the presence of larger than today endorheic lakes and higher humidity guaranteed thicker and longer lasting snow cover which was responsible for higher albedo, and for relatively lower temperature of Tibet compared to the temperature of areas surrounding it. The reciprocal of this phenomenon is observed today, when glaciers' melting in Tibet is accompanied by more rapid warming of the climate there than globally [74] . A predominant opinion in the literature is that the higher humidity in Tibet in the HCO was a result of greater extent of the East Asian monsoon. Against this thesis is the fact that higher atmospheric pressure over Tibet, due to its higher humidity, must have been weakening the low pressure area over it and thus might have reduced the strength and extent of monsoon in Tibet. Moreover, higher air pressure over Tibet could have repelled the East Asian monsoon to the north and Indian monsoon to the west.
Because Tibet is surrounded in the south by higher mountains (Himalayas) than in the north (Kunlun), the impact of relatively dry, winter northern winds as well as western air circulation on the formation of snowfall and glaciers is significant compared with the southern monsoon. Albeit the latter is more humid, it blows during the summer and therefore brings rain rather than snow and loses most of the moisture on the southern slopes of the Himalayas. The summer monsoon reaches mostly to the southern and eastern parts of the Tibetan Plateau, which are less elevated above the sea level than the western and northern parts and thus less favor formation of glaciers. Moreover, this area is drained into the Bay of Bengal and the South China Sea, which does not help to keep summer rainfall water in Tibet.
In the era of HCO, the precipitation in mountains of Central Asia (Tien-Shan, Kunlun) and in the northern part of the Tibetan Plateau was greater than today, allowing the existence of forest [75] - [77] . It is believed that the presence of forests in northern Tibet at that time proves the greater range of the monsoon because the prerequisite for the existence of such forests is greater summer rainfall. However, the source of summer rains could have been also evaporating snowmelt water which formed clouds, providing summer rain and reflecting solar radiation. These clouds protected Tibet from heat generated by almost vertically falling summer solar rays and formed over it a "cap" of colder, denser atmosphere. It was this slightly higher than today atmospheric pressure over Tibet which could have been responsible for directing the southern monsoon more to the west and the East Asian monsoon further north (Figure 2 ).
Turkmen-Tibetan Feedback
Larger than today precipitation in Pamir mountains provided enough water to Amu Darya and Syr Darya, maintaining the Aral Sea. The evaporation from the Aral Sea contributed to a significant portion of precipitation in Tien-Shan mountains. The East Asian monsoon which reached further north more abundantly supplied basins of the Huang-he and basins of endorheic rivers flowing from Qilian mountains toward the Gobi desert as well as lakes in the northern part of the Tibetan Plateau: the Qinghai Lake and several lakes in the Qaidam Basin. During the winter monsoon, moisture from lakes in the Qaidam and Tarim Basins was carried to Tibet by Siberian High winds, creating snow cover. Lake Lobi-Nur was more abundantly supplied by Tarim River flowing from the western Himalayas and its tributaries from Tien-Shan mountains. This feedback mechanism was very delicate because it carried relatively small amount of water and was protected by a thin layer of the atmosphere over Tibet. This feedback mechanism, which can be called Turkmen-Tibetan feedback (Figure 2 ), has gradually weakened over the millennia because of shifting the westerlies to the north, Figure 2 . A hypothetic course of monsoons in Asia and Eastern Africa during HCO and today. Due to weaker Indian summer monsoon, the East African monsoon might have been stronger than today. Higher humidity of Tibet could have been caused mainly by stronger MLW and, to a lesser extent, by stronger winter precipitation carried by winter monsoon while the influence of summer monsoons on precipitation in Tibet could have been weaker than today.
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